Validation of dietary data in pregnancy : Validation of the food frequency questionnaire developed for the Norwegian Mother and Child Cohort Study (MoBa) by Brantsæter, Anne Lise
Validation of dietary data in 
pregnancy
Validation of the food frequency questionnaire developed for 
the Norwegian Mother and Child Cohort Study (MoBa) 
Anne Lise Brantsæter 
Institute of General Practice and Community Medicine,   
University of Oslo  
Division of Environmental Medicine, Department of Food Safety 
and Nutrition, Norwegian Institute of Public Health 
2007
© Anne Lise Brantsæter, 2007 
Series of dissertations submitted to the  
Faculty of Medicine, University of Oslo 
No. 524
ISBN 978-82-8072-437-3
All rights reserved. No part of this publication may be  
reproduced or transmitted, in any form or by any means, without permission.   
Cover: Inger Sandved Anfinsen. 
Printed in Norway: AiT e-dit AS, Oslo, 2007.   
Produced in co-operation with Unipub AS.  
The thesis is produced by Unipub AS merely in connection with the  
thesis defence. Kindly direct all inquiries regarding the thesis to the copyright  
holder or the unit which grants the doctorate.   
Unipub AS is owned by  
The University Foundation for Student Life (SiO)
 1
Contents 
CONTENTS.......................................................................................................................................... 1
ABBREVIATIONS .............................................................................................................................. 2
ACKNOWLEDGMENTS ................................................................................................................... 3
SUMMARY .......................................................................................................................................... 5
LIST OF PAPERS ............................................................................................................................... 6
1 INTRODUCTION ..................................................................................................................... 7
1.1 GENERAL BACKGROUND ......................................................................................................... 7
1.2 NUTRITION AND PREGNANCY .................................................................................................. 8
1.2.1 Maternal diet and neonatal health ............................................................................... 8
1.2.2 Recommended dietary intake in pregnancy.................................................................. 9
1.2.3 Maternal weight gain and energy expenditure........................................................... 10
1.3 DIETARY ASSESSMENT AND VALIDATION .............................................................................. 11
1.3.1 Challenges related to dietary assessment in pregnancy............................................. 11
1.3.2 Dietary assessment methods....................................................................................... 11
1.3.3 Biomarkers of dietary intake ...................................................................................... 13
1.3.4 The objectives of diet validation studies..................................................................... 14
1.3.5 Expressing the relative validity .................................................................................. 14
1.3.6 Validation studies in pregnant women ....................................................................... 15
2 AIMS AND RESEARCH QUESTIONS................................................................................ 17
3 SUBJECTS AND METHODS ................................................................................................ 18
3.1 STUDY DESIGN ...................................................................................................................... 18
3.2 STUDY POPULATION .............................................................................................................. 19
3.2.1 The Norwegian Mother and Child Cohort study (MoBa)........................................... 19
3.2.2 Validation study participants ..................................................................................... 19
3.2.3 Study approval ........................................................................................................... 20
3.3 SELF-REPORTED MEASURES................................................................................................... 20
3.3.1 Calculation of food and nutrient intakes .................................................................... 20
3.3.2 Lifestyle and demographic measures ......................................................................... 21
3.4 OBJECTIVE MEASURES........................................................................................................... 21
3.4.1 Motion sensor assessment of total energy expenditure .............................................. 21
3.4.2 Biomarker sampling and analysis .............................................................................. 21
3.5 STATISTICAL ANALYSIS......................................................................................................... 22
4 SUMMARY OF RESULTS .................................................................................................... 23
5 GENERAL DISCUSSION ...................................................................................................... 26
5.1 METHODOLOGICAL CONSIDERATIONS ................................................................................... 26
5.1.1 Sample size and selection........................................................................................... 26
5.1.2 The dietary reference method..................................................................................... 28
5.1.3 Biological markers ..................................................................................................... 30
5.1.4 Statistical issues ......................................................................................................... 33
5.2 FFQ CONTROVERSY .............................................................................................................. 37
5.3 QUALITY OF REPORTED INTAKES........................................................................................... 39
5.4 USEFULNESS OF THE MOTION SENSOR ASSESSMENT .............................................................. 41
6 CONCLUSIONS AND FUTURE PERSPECTIVES ............................................................ 42
7 REFERENCE LIST................................................................................................................. 43
PAPER 1-5
APPENDICES 
 2
Abbreviations 
MoBa: The Norwegian Mother and Child Cohort Study. 
FFQ: Food Frequency Questionnaire. The Food Frequency Questionnaire is a 
retrospective method asking respondents to report their usual frequency of 
consumption of each food from a list of foods for a specific period. Food 
lists vary by the purpose of the study and study population. Frequency of 
consumption categories also vary by questionnaire but usually include per 
day, week or month. 
FD: Food Diary or Food Records (FR) are used to record food intake at the 
time of consumption over a number of days that are not necessarily 
sequential. Most studies ask respondents to enter descriptive and 
quantitative information in a hard copy format. 
24-hour recall: The 24-hour recall is a retrospective assessment method in which an 
interviewer prompts a respondent to recall and describe all foods and 
beverages consumed in the preceding 24 hours or the preceding day. 
Portion size estimating aides assist the respondent to recall amounts 
consumed. 
Biomarker  As pertaining to diet: a biological parameter measurable in body tissue that 
relates to/reflects substances in the diet. Biomarkers may be categorised as 
concentrations or recovery biomarkers.  
Validity:  The ability of an instrument to measure what it is intended to measure.  
Test method: Dietary assessment method being validated; in this study the MoBa FFQ. 
Reference method: Method against which the test method is being compared and validated. In 
this study several reference measures were used: a weighed food diary, 
motion sensor registration and several biomarkers in urine and blood. 
EI Energy Intake 
TEE Total Energy Expenditure 
REE Resting Energy Expenditure 
PAL and PALEI Physical Activity Level = TEE/REE and PALEI = EI/REE assuming energy 
balance.
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Summary
Due to recent insight into the relation between fetal nutrition and health of the child both 
early and later in life, assessment of maternal diet has become an integral part of 
pregnancy and birth cohort studies. A new food frequency questionnaire (FFQ) was 
developed for monitoring maternal diet in the Norwegian Mother and Child Cohort Study 
(MoBa). The basis for this thesis in nutritional epidemiology was to assess the relative 
validity of the new FFQ. A validation study was carried out with 119 women in MoBa. 
Reference measures were a 4-day weighed food diary (FD), a motion sensor for 
measuring total energy expenditure, and diet-related biological markers in urine and 
blood.
The dissertation contains five scientific papers. One presents the main methodological 
challenges when developing a new instrument for monitoring dietary intake in pregnant 
women. The other papers report on the validity of different foods and nutrients measured 
by the new FFQ relative to the reference measures.  
The average correlation coefficient between the FFQ and FD was 0.48 for foods and 0.36 
for nutrients which is accepted as an overall good agreement. Urinary recovery 
biomarkers and serum/plasma concentration biomarkers confirmed that the FFQ was able 
to distinguish between high and low intake of nutrients and foods. Furthermore, the 
biomarkers examined in the validation study confirmed differences in self-reported 
micronutrient intake between supplement and non-supplement users for vitamin D, beta-
carotene, folate, n-3 fatty acids, flavonoids and iodine, showing that self-reporting is 
valid for classification of pregnant women according to dietary supplement. 
Results from the validation study confirmed the applicability of biomarkers in the 
validation of dietary data in pregnant women. In conclusion, the results demonstrate that 
the MoBa FFQ provides valid intake estimates and is able to rank pregnant women 
according to dietary intake of foods and nutrients.  
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1 Introduction 
“The complexity of human diet represents a daunting challenge to anyone contemplating 
a study of its relation to disease. The foods we consume each day contain literally 
thousands of specific chemicals, some known and well quantified, some characterized 
only poorly, and others undescribed and presently unmeasurable” Walter C. Willett in 
Nutritional Epidemiology (1). 
1.1 General background  
The importance of nutrition during pregnancy has long been recognised, and yet our 
understanding is still limited. Maternal diet was regarded as an important environmental 
exposure in the Norwegian Mother and Child Cohort Study (MoBa), and a new Food 
Frequency Questionnaire (FFQ) was developed. The Norwegian Mother and Child 
Cohort Study, initiated by the Norwegian Institute of Public Health, is an ongoing, long-
term prospective cohort study that aims to include 100 000 pregnancies by the end of 
2007 (2). The objective of MoBa is to test specific aetiological hypotheses by estimating 
the association between exposures and diseases, aiming at prevention. Self-reported
questionnaires were chosen as the main method to measure environmental exposures, 
including diet. The MoBa FFQ (Appendix 1) is a semi-quantitative questionnaire, 
designed to capture habitual diet and dietary supplement use during the first four months 
of pregnancy, when the fetus is most vulnerable (3;4). The development and rationale of 
the MoBa FFQ is explained in Paper 1 in this thesis.
Every new FFQ has to be validated to get an expression of the degree to which it is 
an accurate measure in the target population. Validity refers to the degree to which a 
questionnaire actually measures the aspect of diet that it was designed to measure. This 
implies that a comparison is made with a superior, although always imperfect standard. 
Validation is required before dietary intake can be used as exposure variables in 
epidemiological studies (1;5;6). A validation study of the MoBa FFQ was carried out and 
the results constitute the main basis of the present thesis. Papers 2 – 5 present the relative 
validity of different aspects of the FFQ.
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1.2 Nutrition and pregnancy 
1.2.1 Maternal diet and neonatal health 
Nutrition during pregnancy plays an important role in the well-being of the mother and 
fetus, and may further influence the health of the children later in life (4). Some of the 
first scientific evidence of the influence of maternal nutrition on reproductive outcome 
came from studies of Dutch women who experienced food-restrictions during the Second 
World War (7). Subsequent evidence came from cross-sectional observational studies 
and controlled randomised trials of nutrient supplementation in pregnancy. The majority 
of studies used birth weight as a marker of the relative success of pregnancy. The interest 
in the diet of pregnant women in the developed world lessened when observational 
studies failed to identify any marked effects of diet on size at birth. Absence of an effect, 
together with the fact that the vast majority of babies born to women in the developed 
world fell within the “normal range” of birth weight, led to the belief that the fetus was a 
“perfect parasite” that was protected from wide variations in nutrient intake. 
Recent epidemiological studies have, however, shown an inverse association 
between weight at birth and adult risk of development of diseases, and these associations 
are seen within the range of birth weights which is considered normal (8). Both maternal 
under- and over-nutrition reduce placental-fetal blood flow and stunt fetal growth (9). 
The fetal origins hypothesis, first advocated by Anders Forsdahl and later David Barker, 
states that impaired intrauterine growth and development may increase the risk of adult 
cardiovascular disease, type 2 diabetes, obesity and cancer through fetal programming at 
a critical time point (4;10). Recent reviews from the Dutch famine birth cohort have 
confirmed the theory of critical periods in development where timing of the nutrition 
insult determines which organ or metabolic system is affected (11;12). An alternative 
explanation to the fetal origins hypothesis is that there is a common underlying genetic 
basis to both reduced fetal growth and the risk of adult diseases (13). Genome-nutrient 
interactions and epigenetic mechanisms are still poorly understood, and is a complex and 
growing field of interest (9).
Weight at birth is a useful marker of conditions in the womb and of underlying 
events that result in both birthweight and in programming of postnatal physiology. 
However, maternal nutrition may affect the fetus even if birthweight is not affected. The 
importance of sufficient maternal folate in protection against neural tube defects in the 
developing fetus is an example that is well documented (14;15).
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1.2.2 Recommended dietary intake in pregnancy 
The percentage increase in estimated energy requirements during pregnancy is small 
relative to the estimated increased need for most other nutrients (Table 1). For women in 
well nourished populations, the increased energy requirement is often counterbalanced by 
decreased physical activity (16). Consequently, the nutrient density of the maternal diet 
becomes decisive. 
Table 1  Energy and nutrient requirements during pregnancy (17) 
Per day Non-pregnant women Pregnant women Extra requirement for pregnancy
Energy (kJ) 9.2a 10.7 1.5 MJ and 2 MJ increase in 2. and 3. trimester
Protein (percent of energy) 10-20 10-20 1.1 g/kg body weight increase
Fat (percent of energy) 30 30 0.5 increase in n-3 FA
Added suger (percent of energy) less than 10 less than 10
Vitamin A (μg) 700 800  + 100 μg
Vitamin D (μg) 7.5 10  + 2.5 μg 
Vitamin E (Į-TE) 8 10  + 2 mg 
Thiamine (mg) 1.1 1.5  + 0.4 mg 
Riboflavin (mg) 1.3 1.6  + 0.3 mg 
Niacin (mg) 15 17  + 2 mg 
Vitamin B6 (mg) 1.3 1.5  + 0.2 mg
Folate (μg) 400b 500b  + 100 μg, 
Vitamin C (mg) 75 85  + 15 mg
Calcium (mg) 800 900  + 100 mg
Phosphorous (mg) 600 700  + 100 mg
Potassium (g) 3.1 3.1
Magnesium (mg) 280 280
Iron (mg) 15 15c  +c
Zink (mg) 7 9  + 2mg
Copper (mg) 0.9 1.0  + 0.1 mg
Iodine (μg) 150 175  + 25 μg
Selenium (μg) 40 55  + 15 μg
aBody weight 63 kg, sedentary lifestyle
bWomen are advised to use a dietary supplement to ensure sufficient intake during first weeks of pregnancy
cSupplementary iron needed for women with low iron stores 
The main dietary recommendations for pregnant women are to consume a healthy, well-
balanced diet with plenty of iron- and folate-rich foods, avoid alcohol and reduce the 
intake of sweet drinks and caffeine. Most women do not get the recommended amount of 
folate through food. With the convincing documentation of folic acid supplementation 
for prevention of neural tube defects, health authorities in many countries, therefore, 
recommend use of folic acid (synthetic folate) to all fertile women planning to or likely 
to become pregnant (18). Likewise, the physiological need for iron in some women can 
not be satisfied with food only in the last two thirds of pregnancy and supplemental iron 
is needed. The amount of iron recommended via supplements depends on an individual 
assessment of iron status (19;20).  
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Vitamin D is available only in a limited amount of foods, and for many pregnant women 
vitamin D status is maintained more by exposure to sun than through diet. Low vitamin 
D status is detrimental to both the mother and the fetus (21;22). Groups of women most 
vulnerable to vitamin D deficiency, for example those with scarce sunlight exposure, are 
recommended to take a vitamin D containing supplement. The use of cod liver oil, 
traditionally taken in Norway, provides vitamin D, vitamin A, vitamin E and n-3 fatty 
acids.
Suboptimal iodine intake in pregnant women has been described in many 
European countries (23;24). In many countries iodine fortification of salt is implemented 
to increase iodine intake, and pregnant women and women planning a pregnancy are 
encouraged to use an iodine-containing supplement (approximately 150 μg/day) (23;25).
There are only limited data from well-controlled intervention studies with dietary 
supplements in well nourished populations, and with the exception of iron and folate, the 
evidence that nutrient supplements confer measurable benefit is not strong. Antioxidant 
and other nutrient supplementation have been investigated to study the impact of 
supplements on hypertensive disorders and other unfavourable pregnancy conditions, but 
the effects are equivocal (26;27). The MoBa FFQ includes detailed questions regarding 
frequency of use, dose and product names of the dietary supplements. For calculation of 
micronutrients such as vitamins, minerals, fatty acids and other bioactive substances 
supplied by dietary supplements in MoBa, a database containing details of the declared 
content of more than one thousand supplements was created. Thus, including dietary 
supplement use in the investigation of the relative validity of the MoBa FFQ is relevant 
(Paper 5). 
1.2.3 Maternal weight gain and energy expenditure 
A sufficient and balanced supply of energy and protein is the major determinant of 
weight gain during pregnancy (28). The maternal diet must provide sufficient energy and 
nutrients to meet the mother’s usual requirements and the needs of the growing fetus. It 
must also enable the mother to lay down stores of nutrients required for fetal 
development and for lactation (19). An average weight gain of 12 kg (range 12 – 14 kg) 
for women with a healthy pre-pregnant weight has been shown to be associated with the 
lowest risk of complications during pregnancy and the lowest risk of a low birth-weight 
infant (29;30).
 11
Excessive maternal weight gain and maternal obesity have serious adverse effects on the 
fetus (13;31). Staying physically active during the pregnancy may prevent excess weight 
gain. A number of trials have concluded that regular, moderate intensity exercise has no 
adverse effects on the health of the mother or the infant (32). On the contrary, it seems 
that regular physical activity in the time prior to and during pregnancy is associated with 
reduced risk of gestational diabetes, preeclampsia, hyper-lipidaemia and excessive fetal 
growth (33-37). Physical activity is the main determinant of total energy expenditure.  
1.3 Dietary assessment and validation 
1.3.1 Challenges related to dietary assessment in pregnancy  
The complex relationship between maternal diet and birth outcomes emphasises the need 
for a consistent and thorough assessment of diet in pregnancy. The mixture of foods 
called “the diet” is a series of interrelated factors with large within- and between person 
variation making dietary assessment particularly challenging (38). Pregnancy makes 
dietary assessment even more complicated as the metabolic and physiological changes 
affect energy and nutrient needs, appetite and meal patterns (19). Pregnant women may 
develop food preferences and aversions due to changes in the sense of taste and smell. 
Nausea, which is estimated to occur in 60-80 percent of pregnancies, may begin as early 
as 4-6 weeks after conception, peaking around 8-12 weeks, and then declining (39). 
Heartburn and constipation are other common ailments that may trigger changes in usual 
food habits. Methodological challenges related to the assessment of diet in pregnancy are 
outlined in Paper 1. 
1.3.2 Dietary assessment methods  
Food frequency questionnaires are regarded as the primary method for dietary assessment 
in epidemiological studies and for surveillance of the intake of foods and nutrients in 
different populations and age groups (40). FFQs have been shown to be an appropriate 
method for assessing dietary information in a wide variety of epidemiological settings, 
including studies among pregnant women (41-44). In comparison with short-term 
records, the FFQ provides a better approximation of the habitual diet over a longer period 
(5). The usual frequency of consumption of different foods is reported. In addition 
questions on quantity may be added, as well as further aspects on diet composition. The 
advantages of FFQs are that they are easy to use and administer in large and 
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geographically widespread samples (5;45;46). Furthermore, they assess intake over an 
extended period of time and are less time-consuming for subjects to complete than many 
other dietary assessment methods. Data collection and processing can be administered in 
a standardised way and with relatively low cost (47). Disadvantages of FFQs include the 
amount of work required for questionnaire development and validation and the level of 
imprecision in the dietary estimates (40;46). Although FFQs provide reasonable 
estimates of food intake, the level of nutrient intake estimated by FFQ should be regarded 
as approximations. FFQs are better suited for ranking subjects according to food or 
nutrient intake than for estimating absolute intakes. However, for estimating relative risks 
in epidemiological studies, the correct classification of subjects according to intake is 
more important than the scale on which the ranking is made (45).  
Every FFQ has to be validated to get an expression of the degree to which it is an 
accurate measure in the target population (5). Possible dietary reference methods in 
validation studies are food records or 24-hour recalls. Both are open-ended and 
accommodate diverse dietary patterns (5). Although 24-hour recalls are less demanding 
for the participant than dietary recording and less likely to influence the actual diet of the 
subjects, their sources of error seem to be more correlated with the error in dietary 
questionnaires (such as reliance upon memory, conceptualization of portion sizes and 
distortion of reported diet) (5;48). The weighed record has been considered the “gold 
standard” in dietary assessment and is the preferred reference method when validating 
food frequency questionnaires (5;40). The food diary is a very precise measurement of all 
food items over a given number of days and does not rely on memory or on the ability to 
estimate portion sizes. However, recording all food and drink is very demanding and 
includes the possibility to underreport intake or to eat differently during the recording 
period. To obtain good quality data from this method, participants must be trained to 
provide complete detail on mixed dishes, snacks and recipes, and follow-up is required to 
review records with the participants to complete the missing details. The accurate and 
complete documentation of intake requires motivated and literate participants (49).  
Most FFQs estimate intake of vitamins and minerals from food only, leaving out 
information pertaining to the use of dietary supplements; whereas, in fact, the total intake 
of minerals and vitamins is of interest. Assessments of dietary supplement use in 
pregnant women have focused mainly on prevalence and patterns of supplement use 
(50;51).
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Dietary assessment methods are associated with both random and systematic error. These 
errors arise from the use of food tables, assessment of the frequency of consumption, 
portion size, daily variation and failure to report usual diet, due to either changes in 
habits while taking part in the investigation or misreporting of food choice or amount 
(52-54).
1.3.3 Biomarkers of dietary intake 
Biochemical measurements (biomarkers) of nutrient or dietary factors may provide 
useful, objective estimates of the dietary intake independent of the errors associated with 
self-reports. However, they are often expensive and nutrient specific, so may only be 
used to validate one nutrient at a time (5;55). The use of biomarkers in nutritional 
epidemiology is not new, although they have traditionally been referred to as indicators 
of nutritional status (53). Biomarkers may be measured in biological specimens such as 
blood, urine, saliva, human milk, nails, hair, fat tissue, skin, sweat, bone and teeth. In 
general there is a need to establish how tissue levels equate to consumption. 
There are two types of biomarkers; First, there are quantitative (recovery) 
biomarkers, as in 24-hour urine collections which provide absolute values for 
comparison: for example, urinary nitrogen excretion for protein intake and doubly-
labelled water for energy intake. Second, there are qualitative (concentration) 
biomarkers: for example, measurements in plasma and tissue which provide values for 
ranking individuals (52-54). The recovery biomarkers are accurately related to dietary 
intake, while most concentration biomarkers are only weakly associated to intake due to 
homeostatic control, regulated bioavailability, distribution, and metabolism. Analytical 
variation in biomarker assessment may also occur (55).
In validation studies, there is a need to be very clear about what the biomarker 
measures, to consider possible errors, the relevant time frame, and the relationship 
between biological variation in the biomarker and variation in dietary intake. However, 
there is a need for a greater variety of dietary biomarkers to be developed to reflect wider 
aspects of diet (54). Biomarkers for some food groups have been identified; for example, 
plasma carotenoids and urinary flavonoids for the intake of fruits and vegetables (56-58), 
and the fatty acid pentadecanoic acid (15:0), synthesised by the bacteria in the rumen, for 
the intake of dairy fat (59-61). Furthermore, plasma and tissue n-3 fatty acids has been 
used as a biomarker of marine fatty acids, contributed mainly by the intake of fatty fish 
(55;62-64).
 14
1.3.4 The objectives of diet validation studies 
The purpose of diet validation studies is to estimate how well we can assess true dietary 
exposures in individuals using a particular diet assessment tool. Validation includes 
measurement of the true between-subject variation in the dietary factors of interest, and 
qualitative documentation that the dietary assessment method can detect the difference in 
diet that exists among subjects (1). Furthermore, a validation study can be used to 
identify subgroups among whom the questionnaire performs poorly and, hence might be 
excluded from the analysis in the main study. Finally, the validation process may be used 
to give quantitative assessment of exposure measurement error, so that measures of 
association, such as relative risks, can be corrected for measurement error (6;48). 
Validation studies are also referred to as calibration studies. The validation process 
should take into account the intended purpose of the study and assess the validity of food 
and food groups as well as nutrients. 
1.3.5 Expressing the relative validity 
Validity is an expression of the degree to which a method gives a true and accurate 
measure of what it is supposed to measure. Establishing validity requires a true, external 
reference measure against which the measurement can be compared. In nutrition, no such 
reference measure exists. Only the ‘relative’ validity of measurements can be assessed. 
Relative validity compares a new measurement method with one or more established 
methods believed to have a greater degree of face validity (6). Given the imperfect nature 
of measurement, validity is a matter of degree. The dietary assessment method being 
validated is called the test method, and the methods against which the test method is 
being compared and validated are called reference methods. If the new measure of the 
exposure gives the same results as a reference measure, then the new method is said to 
provide a valid measure. Reference methods can be other dietary methods as well as 
biomarkers. Errors and variations in dietary assessments will affect the validity of the 
measurements. The associations between the test method and  reference methods can be 
examined and presented by different statistical approaches (1;5;40;65):  
− Comparison of calculated absolute and energy adjusted intakes of foods and 
nutrients by the test method (FFQ) and a dietary reference method. 
− Pair-wise correlations between intake estimates calculated by the FFQ and the 
reference measures. A correlation coefficient is an expression of the linear 
relationship between two sets of data. 
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− Ranking and cross classification.
− Bland-Altman plots. This is a plot of the differences between two measurements 
(y-axis) against the mean of the two methods (x-axis). This analysis assesses the 
agreement of the methods at the group level (defined as the difference between 
the two methods or relative bias), and the agreement in individuals (defined as the 
limit of agreement = plus or minus two standard deviations (± 2SD) of the bias) 
(66).
− The triangular method. This method makes use of three pair-wise correlations, for 
example, the correlations between a FFQ measure, a FD measure and biomarker 
measure, or the correlations between a FFQ measure and two independent 
biomarker measures. The triangular method, advocated by Ocke and Kaaks (67), 
calculates the correlation between the FFQ measure and the “true”, but not 
known, intake, called a validity coefficient. The validity coefficients are 
calculated as: VCFFQ= 321 / rrr × , where the three pair-wise correlation 
coefficients are r1, r2 and r3.
1.3.6 Validation studies in pregnant women 
Food and nutrient estimates based on FFQ methods have been validated against other 
dietary methods in many different population groups and found to correlate with these, 
generally in the range of 0.4 to 0.7 (46;48). FFQ estimates also correlate to a varying 
degree with biological markers of dietary intake. Validation studies of dietary assessment 
methods in pregnant women are limited. A literature review of such studies published in 
2003 identified ten studies where FFQs were validated in groups of pregnant women 
(68). Since then, at least three more studies have been conducted (69-71). These studies 
Reference
method 1
FFQ
(test method)
Reference
method 2
r1
r3
r2
True intake
 16
are difficult to compare because of differences in the FFQ instruments, reference 
methods, and because the studies cover various periods of pregnancy. Three validation 
studies in European pregnant women found that the FFQ overestimated energy intake 
(41;42;72), whereas, a study in highly educated white pregnant women in the US found 
that the FFQ underestimated energy intake compared with food records (43). Correlation 
coefficients between the FFQ and the food record ranged from 0.62 to 0.68 for fats in a 
Belgian study (n = 26) (72), and from 0.27 to 0.37 for macronutrients in a UK study (n = 
569) (42). In a Finish study, the average correlation was 0.47 for foods and 0.37 for 
nutrients (n = 113) (41), while in the US study correlation coefficients were larger than 
0.5 for energy and 7 out of 15 nutrients (n = 56) (43). All studies concluded that the FFQ 
generally classified the women into the same or adjacent nutrient intake category as the 
food record.
FFQ validation studies that have included biological markers have shown 
differences in biomarker levels across varying levels of dietary intake of relevant 
nutrients and foods for alpha carotene, lycopene, lutein, gamma-tocopherol, and n-3 fatty 
acids (69;73). Correlation coefficients of 0.23 (p<0.001) between serum vitamin C and 
vitamin C intake (n = 569) (42) and of 0.41 between serum folate and folate intake (n = 
2026) (74) have been reported.
Although most of the validation studies in pregnant women collected information 
on supplement intake, validation of reported supplement intake was not discussed. To our 
knowledge, the present validation of dietary supplement use in pregnant women is the 
first to be published (Paper 5). 
Total energy expenditure has been examined in two studies in pregnant women 
which also evaluated total energy intake (75;76). In both studies the self-reported energy 
intake from food records under-reported total energy expenditure compared with the 
doubly labelled water method, indicating that dietary intake records can be misleading 
with regard to total energy intake. The inclusion an objective measure of energy 
expenditure as a reference for evaluating the reported energy intake by the FFQ and the 
FD was therefore given priority when planning the MoBa validation study. 
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2 Aims and research questions 
A new food frequency questionnaire was developed for use among pregnant women in 
the Norwegian Mother and Child Cohort Study (MoBa). The aim of the MoBa FFQ 
evaluated in this thesis was to be able to rank individuals according to the level of 
nutrient and food intake. Paper 1 elaborates on the methodological challenges of dietary 
assessment and validation in pregnant women, and explains the design decisions 
involved in the development of the MoBa FFQ.   
The overall aim of the present work was to validate the MoBa FFQ by comparing the 
self-reported FFQ data with relevant reference measures (weighed food diary and 
biomarkers) in pregnant women. The independent scientific contribution of this thesis is 
the planning, implementation and analysis of the validation study among participants in 
MoBa. The main research questions addressed in this thesis are: 
− Is the MoBa FFQ a valid tool for ranking pregnant women according to the level 
of nutrient and food intakes relative to a 4-day weighed food record? (Paper 2) 
− Is the MoBa FFQ a valid tool for measuring the intake of fruit, juice and 
vegetables relative to biomarkers in urine and plasma? (Paper 3) 
− Is the urinary iodine excretion a useful biomarker in the validation of milk/dairy 
product intake in pregnant women, and is the MoBa FFQ a valid tool for 
measuring the intake of milk and dairy products? (Paper 4) 
− Is self-reported dietary supplement use in pregnancy confirmed by biological 
markers in blood and urine, and is the MoBa FFQ a valid tool for measuring the 
intake of micronutrients provided by dietary supplements? (Paper 5) 
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3 Subjects and methods 
3.1 Study design 
This thesis is based on results from the validation study carried out in a subgroup of 
pregnant women within the Norwegian Mother and Child Cohort Study (MoBa). The 
validation study was carried out as soon as participants had been recruited to the main 
study (MoBa). Strict control of the time between the test- (FFQ) and reference measures 
(validation study) was not possible due to postal distribution of the MoBa questionnaires 
(Figure 1). The completed questionnaires were not available for analysis until 3 months 
after the final inclusion of all participants in the validation study. Women fill in the date 
when completing the MoBa FFQ. The average time interval between completion of the 
FFQ and entry into the validation study was 24 days (standard deviation 12 days, range 
1-59 days).
Participants in the validation study were asked to keep a 4-day weighed food 
diary (FD) and to provide a 24-hour urine collection and a blood sample. They were 
given detailed information and materials for data and urine collection. Self-reported 
weight, height and age were recorded in the food diaries. Data pertaining to smoking and 
education were collected from MoBa questionnaire 1.  
Figure 1. Schematic presentation of data collection in the validation study  
Validation study
Time
MoBa consent,  
QI and QII (FFQ)
Postal invitation 
to MoBa
~Week 12-15 Weeks 18 - 25
Blood samples (n=119)
Four days FD (n=119)
24 hour urine collection (n=119) 
Motion sensor (n=112)
Pregnancy 
confirmed
Women sign up 
for routine 
ultrasound
examination at 
local hospital, 
hospitals provide 
names for 
recruitment to 
MoBa
Reference measuresQuestionnaire data
Ultrasound
week 18
Invitation to 
validation study, 
120 women 
recruited
Weeks 17-19
Biological 
samples MoBa
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3.2 Study population 
3.2.1 The Norwegian Mother and Child Cohort study (MoBa) 
The Norwegian Mother and Child Cohort Study (MoBa) is a pregnancy cohort that in the 
period 1999 - 2006 has included > 75 000 pregnancies, and that aims to include 100 000 
by the end of 2007 (2). Pregnant women are recruited to the study by postal invitation 
after they have signed up for the routine ultrasound examination in their local hospital. 
Participants are asked to provide biological samples and to answer questionnaires 
covering a wide range of information up to age of 7 years for the child. The study has 
been approved by the regional committee for ethics in medical research and the Data 
Inspectorate. The cohort database is linked to the Medical Birth Registry of Norway (77). 
The study is the largest and most costly of its kind in Norway ever, and has imposed 
multiple challenges economically, logistically and scientifically.  
Dietary assessment in MoBa is comprised of the maternal diet in pregnancy and the 
diet of the child during the first years of life. In this thesis only the maternal diet is 
considered. The development and choice of dietary assessment method in MoBa is 
described in Paper 1. 
3.2.2 Validation study participants 
Healthy pregnant women in MoBa, assigned to Bærum Hospital (Norway) were invited 
to participate in a validation study when they came for routine ultrasound examination at 
around 18 weeks of gestation. Written invitations were given by midwives to eligible 
women (Appendix 2). Exclusion criteria were hyperemesis and anorexia. Subjects had to 
have completed the FFQ before inclusion. The four midwives who assisted in 
distributing invitations were instructed to invite all healthy women. However, the exact 
number of women that actually received the invitation was not recorded. Approximately 
800 MoBa participants attended the clinic during the twelve month inclusion period (15 
January 2003 – 1 February 2004). Participation in the validation study imposed a 
considerable burden due to the time and effort involved. Obtaining the planned sample 
size of 150 women was not accomplished. According to the midwives, the main reason 
for not choosing to participate in the study was the time and effort demanded. As a 
reward for participation in the validation study, each woman received a personal letter of 
dietary advice based on their food diary, a book about pregnancy, and the kitchen scale 
used for the weighed food diary.
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3.2.3 Study approval 
In the written declaration in which they agreed to participate in MoBa, women are made 
aware of the possibility that they may be contacted to participate in sub-studies. The 
validation study required a separate approval by the Regional Ethics Committee of 
Southern Norway. A new informed approval had to be signed by each woman who 
agreed to participate in the validation study. This approval stated the right of each person 
to withdraw from the validation study at any given time and that all information would 
be handled by non-identifiable identity-numbers only (Appendix 3). 
3.3 Self-reported measures 
3.3.1 Calculation of food and nutrient intakes 
Details of the FFQ developed for use in MoBa is described in Paper 1. In brief, the MoBa 
FFQ is a semi-quantitative questionnaire that comprises 340 questions and asks what the 
mother has eaten since she became pregnant, and covering the habitual diet and the use 
of dietary supplements. The FFQ also includes questions relating to dietary habits and 
dietary changes due to the current pregnancy. Respondents are asked to fill in the mean 
intake of the food items eaten since becoming pregnant (78) (Appendix 1). The 
questionnaires were optically read. In the FFQ, portion size was only given for units of 
fruit, bread (slices) and liquids (cups/glasses). For dinners, vegetables, cakes and snacks 
the standard Norwegian portion size is used (79), although adjusted for some fruit and 
vegetable portion sizes reported in the validation study (food diary), and also adjusted for 
potatoes, rice and cereals according to more recent portion size estimations (80). 
In the 4-day weighed food diary (FD) participants recorded the weight and detailed 
description of all foods and beverages consumed during three weekdays and one 
weekend day. Participants also reported intake of dietary supplements by brand name, 
frequency and dose. FoodCalc (81) and the Norwegian food composition table (82) were 
used for calculating the amounts of nutrients and foods reported by the FFQ and FD. For 
the calculation of nutrients supplied by the dietary supplements, a database containing 
details of the declared content of the supplements was developed.  
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3.3.2 Lifestyle and demographic measures 
In the first MoBa questionnaire answered at the same time in pregnancy as the MoBa 
FFQ, participants reported marital status, parity, education (highest completed 
education), health status, and smoking habits.  
Self-reported anthropometric measures (height and weight) were used for 
calculation of body mass index, resting metabolic rate, and for evaluation of weight 
change in the time period between filling in the questionnaire and entering the validation 
study. Self-reported weight at three different points in time was recorded; weight prior to 
this pregnancy, weight at the time of filling in the FFQ and weight at the time of 
inclusion in the validation study. 
3.4 Objective measures 
3.4.1 Motion sensor assessment of total energy expenditure 
The motion sensor ActiReg® was used for four days of activity registration. ActiReg® is 
an instrument for measuring physical activity level and total energy expenditure by 
combined recording of body position and motion (83). Daily total energy expenditure 
(TEE) was computed with ActiCalc software. Resting energy expenditure (REE) was 
calculated with the WHO expert group standard equation (84), using weight and height at 
the time of inclusion. Physical activity level (PAL) is the ratio of TEE to REE. 
3.4.2 Biomarker sampling and analysis 
For the analysis of urinary excretion of nitrogen, iodine, and flavonoids each participant 
provided one 24-hour urine collection taken on a weekday. On the first morning of the 
urine collection, participants were asked to discard their first urine specimen and collect 
all specimens for the next 24 hours, including the first urine specimen the following day. 
More details pertaining to the urine collection are reported in Papers 2 and 3. For the 
analysis of biomarkers in blood, each participant provided three vials of blood (EDTA-
blood, heparin blood and whole blood) at the time of inclusion. EDTA-blood was 
analysed within 24 hours, while heparin- and whole blood were separated into aliquots of 
serum and plasma within two hours of venipuncture and stored at -70°C until analysis. 
Erythrocytes for lipid analysis were washed with 9% NaCl, resuspended in NaCl and 
stored at -70°C until analysis.  
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Total urinary nitrogen was determined by the Kjeldahl technique (The Norwegian 
Institute for Food and Environmental Analysis, Oslo, Norway). Details of the other 
biomarker analyses are described in Papers 3, 4 and 5. 
3.5 Statistical analysis 
In all the papers, the p-values were two-sided, and a 5 % level of significance was used. 
Statistical analyses were performed with SPSS (version 12.0-14.0, SPSS Inc.). The 
statistical program R (85) was used in Paper 1 for the modelling of gamma curves, and in 
papers 3 and 4 for maximum likelihood estimation1 and the bootstrap procedure2 needed 
to estimate confidence intervals for the triangular validity coefficients.  
Assumptions of normality were checked by the visual inspection of Q-Q plots and 
by the evaluation of the skewness and kurtosis of the variable. Most nutrient and food 
intakes were not normally distributed and non-parametric or parametric statistical tests 
were used as appropriate. The agreement between the two dietary methods and between 
the intake estimates and biomarker concentrations in the validation study is presented by 
Spearman rank correlation coefficients. Differences between the intakes estimated with 
the FFQ and the FD were tested with Wilcoxon’s signed rank test (paired data), while 
differences in the intakes between groups were tested with the Mann-Whitney U-test 
(unpaired data) (Paper 2–5). Variance component analysis was used to calculate the 
within-person and between- person variation for the selected nutrients calculated by the 
FD (Paper 2). Linear regression analysis was used to identify the correlates of urinary 
iodine excretion (Paper 4) and to examine the impact of supplement use on biomarker 
measures (Paper 5). All linear regression models were checked for possible violations 
from the model assumptions (constant linearity and homoscedacity). Further details of 
the statistical analysis are described in each paper and in section 5.1.4. 
1 Maximum likelihood estimation is a statistical method used to make inferences about 
parameters of the underlying probability distribution from a given data set.  
2 Bootstrapping is used for estimating the sampling distribution of an estimator by 
sampling with replacement from the original sample.
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4 Summary of results 
Paper 1: Methodological challenges when monitoring the diet of pregnant women in 
a large cohort study; experiences from the Norwegian Mother and Child Cohort 
Study. Meltzer HM, Brantsæter AL, Alexander J, Ydersbond TA, Haugen M and the 
MoBa Dietary Support Group. 
Many challenges and decisions were encountered when a new dietary assessment 
instrument was developed for the monitoring of diet in the women participating in the 
Norwegian Mother and Child Cohort Study. The foundation and rationale behind the 
development of the new food frequency questionnaire is described and discussed. Results 
from the first 40 000 women who completed the new FFQ, and the results from a 
validation study, indicate that the MoBa FFQ strikes a reasonable balance between the 
potentially conflicting methodological and scientific interests. 
Paper 2: Validity of a new Food Frequency Questionnaire for pregnant women in 
the Norwegian Mother and Child Cohort Study (MoBa). Brantsæter AL, Haugen M, 
Alexander J, Meltzer HM. 
The relative validity of nutrients and food groups calculated with the MoBa FFQ 
was evaluated. The reference measures were a 4-day weighed food diary (FD), motion 
sensor assessment of total energy expenditure, one 24-hour urine collection and a venous 
blood specimen. One hundred and nineteen women participated in the validation study 
and 112 women completed the motion sensor registration. The average correlation 
coefficient between the FFQ and FD for daily intake was 0.36 for nutrients and 0.48 for 
foods. Density adjusted correlations for macronutrients were r = 0.44 for protein, r = 0.39 
for fat and r = 0.36 for carbohydrates (p<0.001 for all). The correlations for energy and 
protein intake between the FFQ and reference measures were influenced by pregnancy 
related nausea. On the average 68 % of the participants were classified into the same or 
adjacent quintiles when classified by the FFQ and the FD. The results of the validation 
study indicate that the MoBa FFQ gives reasonable valid intake estimates and is a valid 
tool for ranking pregnant women according to low and high intakes of energy, nutrients 
and foods. 
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Paper 3. Urine flavonoids and plasma carotenoids in the validation of fruit, 
vegetable and tea intake during pregnancy in the Norwegian Mother and Child 
Cohort Study (MoBa). Brantsæter AL, Haugen M, Rasmussen SE, Alexander J, 
Samuelsen SO and Meltzer HM.  
The intake of fruit, vegetables and tea estimated by the MoBa FFQ was compared 
with urinary flavonoid excretion, plasma carotenoid concentration and intake measured 
by the 4-day weighed food diary (FD) in a validation study. The triangular method was 
applied to calculate FFQ validity coefficients using two independent biomarkers. The 
FFQ estimate of fruit intake was significantly correlated with urine phloretin (r = 0.33), 
citrus fruit/juice with urine hesperetin (r = 0.44), cooked vegetables with plasma α-
carotene (r = 0.37), and tea with urine kaempferol (r = 0.41) (P<0.01 for all). Significant 
correlations between the FFQ and the FD were found for fruit (r = 0.39), vegetables (r = 
0.34), juices (r = 0.50) and tea (r = 0.53). The FFQ validity coefficient was 0.65 for citrus 
fruit/juice and 0.59 for cooked vegetables as calculated by the triangular method. The 
results indicate that the MoBa FFQ provides valid estimates of the fruit, juice, vegetable 
and tea intake of pregnant Norwegian women, and that it can be used to rank individuals 
within the distribution. 
Paper 4: Evaluation of urinary iodine excretion as a biomarker for intake of milk 
and dairy products in pregnant women in the Norwegian Mother and Child Cohort 
Study (MoBa). Brantsæter AL, Haugen M, Julshamn K, Alexander J and Meltzer HM.  
The aim of this study was to explore the use of a 24-hour hour urinary iodine 
excretion as a biomarker for dairy product intake in pregnant women. Iodine was 
analysed in 24-hour urine samples. Dietary intake of milk and other food groups were 
estimated by a food frequency questionnaire (FFQ) and by a 4-day weighed food diary 
(FD). Using linear regression, predictors of urinary iodine excretion were identified. The 
triangular method was applied to calculate validity coefficients.
Significant predictors of 24-hour urinary iodine excretion were: reported intake of 
milk/dairy products, iodine containing supplements and intake of fruit/vegetables. 
Fish/seafood intake and time of the year influenced the 24-hour urinary iodine excretion, 
although not significantly. The validity coefficients observed for intake of milk and dairy 
products was 0.65, 0.94 and 0.52 by the FFQ, FD and 24-hour urinary iodine excretion 
respectively. The present study showed that 24-hour urinary iodine excretion is a useful 
biomarker in the validation of milk and dairy product intake in Norway. 
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Paper 5. Self-reported dietary supplement use is confirmed by biological markers in 
the Norwegian Mother and Child Cohort Study (MoBa). Brantsæter AL, Haugen M, 
Hagve TA, Aksnes L, Rasmussen SE, Julshamn K, Alexander J and Meltzer HM.  
In a validation study including 119 pregnant women in MoBa, the relation between 
self-reported dietary supplement use and relevant biomarkers in biomarker-supplement 
and non-supplement users was examined. Biomarker concentrations and dietary intake 
differed significantly between the supplement and non-supplement users for vitamin D, 
carotenoids, folate, the n-6/n-3 fatty acid ratio and iodine (p<0.05 for all variables). 
Flavonoid excretion was higher in flavonoid-supplement users (p<0.05). Significant 
correlations between the total dietary intake (food and supplements) and biomarker 
concentrations were found for vitamin D (r = 0.45, p<0.001), folate (r = 0.26, p = 0.005), 
the n-6/n-3 fatty acid ratio (r = 0.36, p<0.001) and iodine (r = 0.42, p<0.001). The 
biochemical indicators examined in the validation study confirmed differences in the 
self-reported micronutrient intake between supplement and non-supplement users, and 
showed that the MoBa FFQ is a valid tool for estimating the intake of micronutrients 
supplied by dietary supplements.  
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5 General discussion 
The work included in this thesis draws attention to the validity of the MoBa FFQ relative 
to several reference measures. In developing the FFQ, the goals have been to achieve a 
good classification of dietary intake, rather than a precise numerical estimation, and to 
record dietary patterns for future testing of a broad range of hypotheses. The relative 
validity varies for the different nutrients and food items. A more comprehensive 
discussion of the results is found in each paper. 
5.1 Methodological considerations 
5.1.1 Sample size and selection 
The sample size of 119 is reasonable for a validation study (48;86), and the subjects 
came from the population for which the questionnaire was designed. Our initial aim was 
to include 150 women. However, recruitment was slower than anticipated, and the 
overall participation rate was low (15- 20%). The main reason given by those who chose 
not to participate was the extra burden of time and work involved in the validation study, 
as they already were involved in the MoBa study. 
The study sample was not random, as all subjects were recruited from Bærum 
Hospital. Validation study participants were slightly older, better educated and included 
fewer smokers than a larger sample of MoBa participants (Table 2). In planning the 
validation study we did not aim for a representative sample, as the purpose of the 
validation study was to investigate the agreement between the FFQ, FD and biomarkers 
within the same individuals. However, it is possible that the associations between these 
measures may have been influenced by a selection or information bias. Subjects 
misreporting certain foods in the FFQ would be likely to misreport the same foods in the 
food diary. Furthermore, when a study-population is self-selected this may reduce the 
range of intakes and thus the correlation coefficients, since the magnitude of the 
correlation coefficient depends upon the range of intakes (between-subject variation) 
(66;87).
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Table 2 Characteristics of the women included in the validation study (n =119) and of a 
nationwide sample of women in the Norwegian Mother and Child Cohort Study (MoBa) 
(n =39375)a
Validation study MoBa
Mean ± SD (min, max) Mean ± SD (min, max)
N 119 40792
Age 31.2 ± 4.1 (23, 44) 29.6 ± 4.6 (14, 47)
BMI prior to pregnancy Kg/m2 23.2 ± 3.6 (17, 43) 24.3 ± 4.3 (13, 56)
% %
Age group  <20 0 2.4
20 – 24 5 15.9
25 – 29 41.2 39.6
30 – 34 31.1 27.8
35+ 22.7 14
BMI prior to pregnancy <20 16 11.6
20 - 24 63 53.4
25 – 29 15.1 22
30+ 5.9 10
Parity 0 55.5 44.2
1 21 35.6
2 + 23.5 19.3
Marital status Married 60.5 49.7
Living together 37.8 46.7
Single 1.7 2.3
Smoking habits prior to Never 79.8 69.2
pregnancy Occasional 10.9 9.6
Daily 9.2 20.3
Smoking habits during Never 97.5 89.4
pregnancy Occasional 0 3.2
Daily 2.5 6.7
Education 12 years 16.8 39.3
13 – 15 years 48.7 40.6
>16 years 34.5 17.7
Other or missing 0 2.4
Nausea during pregnancy Yes 76.5 72.3
Nausea at time of FFQ Yes 15.1 14.6
Work prior to pregnancy < 30 hours 16.0 23.1
> 30 hours 75.6 60.9
Student 6.7 8.7
Housewife 1.7 7.3
Work in pregnancy < 30 hours 23.5 27.4
> 30 hours 66.4 54.6
Student 8.4 10.7
Housewife 1.7 7.3
aThe MoBa file included FFQ data for 40786 subjects, while background variables were 
available for n=39375 (96.5%) of these 
The 119 participants in the validation study varied with regard to age, pre-pregnant body 
mass index (BMI), parity, marital status, education and smoking. The participants were 
sufficiently heterogeneous to reflect known differences in food intake related to smoking 
 28
and education (88;89), as the intake of fruit, juice and vegetables were significantly 
greater in non-smoking women (p=0.015) than in smokers, and in women with education 
> 12 years compared to women with =< 12 years of education.
Due to the logistics, there was a time lapse between completion of the FFQ and 
participation in the validation that allowed for weight changes to occur in the individuals 
and influenced the correlation of total energy intake between the FFQ and FD (Paper 2-
4). Likewise, nausea, which was reported by a majority of the participants (77%), 
influenced the correlations (Papers 2 and 4).
5.1.2 The dietary reference method  
Four days of weighed food diary was chosen as the dietary reference method in this 
validation study. Recording, that is, weighing and measuring of food, drink and dietary 
supplements does not rely on memory or an ability to estimate portion sizes and satisfies 
the criteria of independence of errors associated with the two methods compared (FFQ 
and FD) (5). However, common errors in both test and reference methods are the use of 
national food composition tables and a tendency to misreport food intake. The alternative 
to a weighed food record would be repeated 24-hour recalls. Weighed records are usually 
recommended over 24-hour recalls although the recalls are less demanding for the 
participants (5). Keeping a food diary is demanding and includes the possibility of under-
reporting intake or eating differently during the recording period. Comparison of the FFQ 
and FD energy intakes with total energy expenditure (motion sensor) in our study 
showed larger underreporting by the FD than by FFQ (Section 5.3). Many questions 
relating to the food diary came up, indicating that conscientious food recording was 
difficult. Participants were asked not to alter their food habits during the recording days, 
but many admitted that snacks were difficult to record.  
Because of day to day variation in the consumption of many foods, four days is a 
rather small number of days to use as a reference measure for the habitual food intake 
reported by an FFQ. Four days of food recording can be sufficient if the sample size is 
large, however, foods eaten rarely will not be accurately assessed (86). Upon collecting 
dietary data at the individual level there is a trade-off between the burden one can impose 
on the included subjects and the accuracy, and hence the usefulness of the data. As 
several biomarkers and activity registration were included as reference methods in 
addition to the food diary, four days was considered the acceptable burden that could be 
imposed on the study participants.  
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The calculated daily intake of nutrients and foods was larger by the FFQ than by the FD, 
as is the case in most validation studies (90-92). Differences between intakes calculated 
with the two methods were statistically significant for nutrients more often than for food 
groups (Paper 2 and 3). The FFQ covers a longer time span and may thus be a better 
reflection of habitual intake than the FD, since the use of the questionnaire is based on 
the concept that the average diet over time is a better measure of exposure than intake 
over a few specific days (45). Hence, the two methods are not really comparable, and this 
is why biomarkers were included as additional and important reference methods. 
However, comparison of intakes calculated by the two methods provides useful insight 
into the strengths and weaknesses of the FFQ relative to the FD.  
Misreporting of energy intake has been described in free-living individuals in 
many population groups including pregnant women (75;93;94). Physiological and 
behavioural characteristics of under-reporters have been identified (95;96). In dietary 
assessment it is not possible to distinguish whether under-recording or under-eating is 
underlying the under-reporting. In the present study weight change > l kg occurred in 77 
out of 119 in the time between filling in the FFQ and the FD. Two of these lost weight, 
while the remaining 75 gained weight. In light of this, energy intakes by the food diary 
would be expected to exceed the FFQ intakes and be similar or higher than the estimated 
energy expenditure. However, energy intake by the FD was 91% of the estimated energy 
expenditure and energy intake by the FFQ was 96.5% of the estimated energy 
expenditure, indicating that at the group level participants under-reported their total 
energy intake more in the FD than in the FFQ.  
Four days is not sufficient to reflect true long-term intake, especially for food 
groups and nutrients that are not eaten on a daily basis. For selected nutrients an 
attenuation factor (AF) was calculated based on the day-to day variation in the FD.
The correction of the observed correlations for the attenuating effect of random within-
person error can be written as rtrue= robserved x n
ss bw 221+
, where S2w is the within-person 
variation and S2b is the between-person variation and n is the number of days (1;40). 
Correlations were strengthened when attenuation factors were applied (Paper 2).
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Statistically significant correlations between the FFQ and FD calculated intakes were 
found for all nutrients and food groups (Paper 2). The correlations were generally 
stronger for food groups than for nutrients. Energy adjustment improved some of the 
correlations, but not all. 
Classification into quintiles showed that on average two thirds of subjects were 
classified by the FFQ to within ± one fifth of their recorded intake (FD), whether 
absolute or density adjusted intakes were examined, and that few subjects (<10%) were 
grossly misclassified into opposite quintiles by the two methods (Paper 2).  
5.1.3 Biological markers  
Biological markers are useful to overcome the problem of correlated errors between 
dietary assessment methods. The usefulness of biological markers is primarily for use as 
independent reference measures in the validation of dietary measures rather than as 
replacements of dietary measures (97). Urinary nitrogen excretion is the most well-
known biological marker, with results from published metabolic studies showing high 
correlation between daily nitrogen (protein) intake and daily urinary nitrogen excretion 
(55). However, nitrogen balance is a condition for the use of this biomarker that is not 
present during pregnancy. Furthermore, the use of an external marker such as Para-
aminobenzoic acid to verify completeness of urine collection (98) was considered 
unacceptable in this population.  
One 24-hour urine collection cannot be expected to fully reflect habitual protein 
intake, due to the day to day variation in protein intake and urinary nitrogen excretion. In 
spite of this, we found statistically significant correlations between a single 24-hour 
urinary nitrogen excretion and protein intake calculated by the FFQ and the FD (Figure 
2). The correlation between the 24-hour urinary nitrogen excretion and protein intake was 
r=0.27 (p=0.004) for the FFQ and r=0.65 (p<0.001) for the FD (n=117 singleton 
pregnancies). The 24-hour urine collection was done close to the FD registration and a 
stronger association between the FD and urinary nitrogen was expected. When 
participants with a weight change larger than 1 kg (between the FFQ and FD assessment) 
were excluded from the analysis, the correlation between the urinary nitrogen excretion 
and protein intake by the FFQ was r=0.34 (p=0.030). Similarly, when participants 
reporting nausea were excluded, the correlation was r=0.58 (p=0.001), demonstrating 
how factors relating to pregnancy influenced the validation.
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Figure 2. Urinary nitrogen excretion (y-axis) plotted against protein intake by the 4-day 
weighed food diary (x-axis)(upper figure) and plotted against protein intake by the MoBa 
FFQ (lower figure) in 117 singleton pregnancies 
1501251007550
Protein intake by the MoBa FFQ, g/day
20
18
16
14
12
10
8
6
Ur
in
ar
y 
ni
tr
og
en
 e
x
cr
et
io
n,
 
g/
24
-
ho
ur
1201101009080706050
Protein intake by the 4-day food diary (FD), g/day
20
18
16
14
12
10
8
6
Ur
in
ar
y 
ni
tro
ge
n 
ex
cr
et
io
n
, g
/2
4-
ho
ur
 32
When all participants were included, the correlation between the 24-hour urinary iodine 
excretion and the iodine intake was r=0.42 for the FFQ and r=0.53 for the FD (Paper 4), 
The correlations between the 24-hour urine flavonoid excretion and the intake of fruit, 
vegetables and tea were in the range 0.20 to 0.40 for the FFQ and 0.20 to 0.60 for the FD 
(Paper 3). Lower correlation coefficients for the FFQ than for the FD were expected due 
to the time lapse between the assessment methods and the superior detail of a FD.  
Significant correlations between the urinary excretion of flavonoids and the 
calculated intakes of fruit, vegetables and tea were found for both the FFQ and the FD 
despite only a single 24-hour urine collection for each participant (Paper 3). The amounts 
of excreted flavonoids were in good accordance with previous reports of urinary 
flavonoid excretion in non-pregnant women in Denmark and Finland (57;99).
The correlations between serum, plasma and erythrocyte biomarkers and dietary 
intake of nutrients were strongly influenced by micronutrients and fatty acids supplied by 
dietary supplements and were used for assessing the relative validity of self-reported 
dietary supplement use (Paper 5).  
In the present validation study, several factors may have attenuated the 
associations between biological markers and the dietary assessment. Blood samples were 
not drawn while the subjects were fasting. The blood samples were collected in the 
evening when groups of 5-10 participants met with the project worker. This was arranged 
so that the participants did not have to take time off from work in the mornings. Fasting 
blood samples obtained in the morning would have been optimal, because the circadian 
(‘about 24-hour’) variation in the hormones that effect food intake and metabolism may 
also effect biomarker concentrations. The impact of using non-fasting blood specimens is 
uncertain. Ahn et al. found no evidence of circadian variation in folate pharmacokinetics 
(100), while it has been reported for lipids and cholesterol (101).
Non-fasting blood samples have been used in a validation study of carotenoid 
intake by FFQ (102). The analysis of serum carotenoids was based on a single blood 
sample for each participant. However, contrary to urine measurements, it has been shown 
that a single sample may accurately rank individuals (56;103). Dixon et al. reported no 
advantages of 2 blood samples over 1, thus suggesting a reasonable stable ranking of 
individuals for carotenoids and tocopherol in women with only one blood sample (103). 
The plasma levels of carotenoids in the validation study corresponded well with levels 
found in female participants in other European counties (104). 
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There is a great need for a larger variety of dietary biomarkers to be developed to reflect 
wider aspects of diet. To our knowledge, Paper 4 is the first publication to use urinary 
iodine excretion as a biomarker in the validation of milk and dairy product intake by 
FFQ. In spite of having only a singe 24-hour urine collection, and in spite of iodine not 
being exclusively found in dairy products, fair correlations were shown between dairy 
product intake estimated by the FFQ, FD and this biomarker.  
The correlations between estimated intake and biomarkers are generally weaker 
than correlations between two dietary methods. This is because biomarker concentrations 
will be influenced by factors unrelated to intake, such as individual differences in 
absorption, metabolism and distribution, which in again is influenced by age, weight, 
smoking status and other factors (56).  
The time-period for which a biomarker reflects dietary exposure differs for the 
different biomarkers and for the different body tissues. The fat soluble carotenoids are 
fruit and vegetable constituents with an estimated half-life of 1-3 months (105), while 
flavonoids are fruit and vegetable constituents with short half-lives, often no more than a 
few hours (99;106). As a result plasma carotenoids would reflect the intake of fruit and 
vegetables over several weeks, while the 24-hour urinary excretion of flavonoids would 
only reflect the intake of fruits and vegetables from the present and previous day or meal. 
Multiple urine collections for each person would be needed to provide a reasonable 
average representing their habitual intake. The 24-hour urinary nitrogen and iodine 
excretion are markers of a short-time intake, while plasma, serum and erythrocyte 
substances represent intakes over longer periods of time. Both short-term and long-term 
biomarkers are included in this thesis. In our study, the fact that urinary flavonoids and 
plasma carotenoids were mutually correlated strengthened our results and showed that 
even a single urine collection was of value (Paper 3).  
5.1.4 Statistical issues 
Correlation coefficients have been used extensively in the presentation of the results from 
this validation study. Correlation coefficients are convenient because they only need a 
single number for each food or nutrient to reveal something about the relationship 
between two measurements, and they facilitate comparison with other FFQ validation 
studies. Although the correlation coefficients seem to be a good way to present validity, 
there are several important issues that must be considered when evaluating them. First, a 
correlation coefficient is only an indicator of the relative agreement between two 
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variables and reveals nothing about the absolute agreement between them (66). Food 
intake measured with two dietary methods may have large differences in the absolute 
intake of food, but still have a relatively high agreement if the individuals were ranked 
similarly according to food intake estimated from the two methods. Second, the 
correlation coefficients are influenced by correlated errors in the dietary methods: for 
example, correlations between an FFQ and the average of 24-hour recalls tend to be 
higher than the correlations between an FFQ and a food record because both the FFQ and 
the 24-hour recalls rely on memory (5;107). Third, the range of intakes (between-subject 
variation) will influence the magnitude of the correlations, and give lower correlation 
coefficients if the between-person variation is small (66;87). This is more likely to occur 
in a self-selected study sample (as in this study) than in a random study sample. Fourth,
the two most commonly used methods, Pearson correlation of log-transformed data or 
Spearman correlation do not necessarily give the same result. When both methods were 
applied to the same data Pearson correlation coefficients were generally higher than the 
Spearman correlation coefficients (65). This results suggest that log transformation did 
not remove the influence of outlying data points on the Pearson coefficients, and that the 
Spearman coefficients may be more reliable since they use rank order and are, therefore, 
not as sensitive to extreme values as the Pearson coefficient (65).  
Finally, there are no set rules as to what constitutes a satisfactory level of 
correlation. Most authors draw the conclusion that the higher the correlation coefficients, 
the better the validity of their questionnaire. However, the following question has been 
raised: “How good is good enough, and how bad is too bad for dietary measures?” (38). 
Recent reviews of validation studies have shown that, regardless of how detailed the FFQ 
is and regardless of how many days of food records or recalls there are, there may be a 
“ceiling of validity” between questionnaires and reference methods of approximately 0.7 
(108). Correlation coefficients in the range of 0.5 – 0.7 may seem low to scientists in 
other fields, but appear to be the best attainable in dietary validation. Correlations in the 
range of 0.30 – 0.49 are considered fair, while correlations < 0.3 are considered poor 
because they are too low to detect a potential risk between the measure and an 
epidemiological outcome (5;65;107;109). For correlations between dietary intakes and 
biochemical concentration biomarkers, the magnitude of the correlations will tend to be 
modest, even when the dietary measurements are highly accurate and precise (56). This is 
because biomarker concentrations are influenced by factors other than dietary intake, as 
described in section 5.1.3.
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Both the correlation coefficient and the agreement of classification into categories 
indicate the relative agreement between two measurements, or the questionnaire’s ability 
to rank subjects according to exposure. The MoBa FFQ was able to distinguish between 
high and low consumers according to the FD, even when the magnitude of the correlation 
was as modest as 0.29 (Table 3). The results regarding total intake of fish/seafood in 
Table 3 have not yet been published. 
Table 3 Spearman correlation coefficients (r) between FFQ intakes and reference 
measures (FD and biomarkers) and median level of food intake by the FD and median 
biomarker level according to quintiles of FFQ intake. N differs because women using a 
dietary supplement containing the biomarker were excluded before analysis 
Food group n r Q1 (FFQ) Q2 Q3 Q4 Q5 Q1 vs Q5a p  for trendb
Dairy products
  Intake by FD (g/day) 119  0.58** 197 289 443 356 600 <0.001 <0.001
  Urinary iodine (μg/24h) 84  0.34** 82 128 113 107 152 <0.001 0.002
Citrus fruit and juice 
  Intake by FD (g/day) 119  0.39** 63 106 116 202 304 <0.001 <0.001
  Urinary hesperetin (μg/24h) 99  0.44** 58 205 416 985 1521 <0.001 0.001
Cooked vegetables including roots
  Intake by FD (g/day) 119  0.29** 44 51 54 66 67 0.026 0.089
  Alpha-carotene (μmol/L) 106  0.37** 0.083 0.096 0.100 0.152 0.131 0.006 0.004
Fish, fish products and seafood
  Intake by FD (g/day) 119 0.29** 20 38 53 38 67 0.009 0.045
  Whole blod Arsenic (μg/L) 119  0.38** 1.19 1.54 1.46 2.04 3.59 0.001 0.001
* p< 0.05
**p< 0.001
aMann-Whitney U-test
bKruskall-Wallis H-test
With a p-value less than 0.05, correlations were considered significantly different 
from zero. However, due to multiple comparisons significances were interpreted with 
care, and relevant p-values specified. With multiple comparisons a Bonferroni correction 
can be used. This would reduce the overall probability of finding significant associations 
by chance. This correction is rarely used when several foods/nutrient intakes estimated 
by one method is compared to the same intakes estimated by a second method. Instead of 
using a fixed correction for multiple comparisons in the papers included in this thesis we 
have specified the p-value by indicating whether the significance was at the 0.05 level or 
at the 0.01 level, or by stating the exact p-values when relevant.  
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The Bland-Altman plots for investigation of absolute agreement between methods is 
especially important for evaluating agreement of absolute intakes. From this plot it is 
possible to observe the magnitude of disagreement, outliers and trends. Two Bland-
Altman plots are presented in Paper 2. The Bland-Altman plot of iodine intake is shown 
below (Figure 3). 
Figure 3. Bland-Altman plot showing the difference in total iodine intake (including iodine 
from supplements) calculated by the food frequency questionnaire (FFQ) and the food 
diary (FD) plotted against the mean intake by the two methods. The solid line is the 
mean difference between the two methods and the dashed lines denote ± 2 standard 
deviations (SD). N=119  
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The mean difference showed that the estimated intake of iodine was larger with the FFQ 
than with the FD, but the mean difference was small (15 μg). Furthermore, the plot 
reveals that the observed differences between the FFQ and the FD were negative as well 
as positive, implying that participants both under- and over-reported intakes with the 
FFQ in compared with the food diary. However, nearly all the observations fell within 
the limit of agreement, defined as the difference ±2 SD of the difference.
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Using the method of triads resulted in validity coefficients for the FFQ that were higher 
than the correlation coefficients between the FFQ and each of the biomarkers. Despite 
the fact that the triangular method states the need for independent measurements, two 
dietary methods and one biomarker have been used in the triangular equation in other 
published studies (102;110-112). To our knowledge Paper 3 is the first study that has 
applied three totally independent measurements with this equation. In spite of the fact 
that the three pair-wise correlation coefficients were only modest, they served to improve 
the robustness of the validation process. We also calculated triangular validity 
coefficients using the FFQ, FD and one biomarker, as used in other studies, for fruit and 
vegetables, and for evaluation of urine iodine as a biomarker for intake of dairy products 
(Paper 4). For urinary iodine excretion, the validity coefficient for the total iodine intake 
was higher than the validity coefficients for the intake of milk/dairy products, indicating 
this biomarker has higher validity for calculating total iodine intake than for predicting 
the intake of dairy products. The practical use of urinary iodine excretion as a biomarker 
is not for the prediction of milk/dairy product intake as a substitute for dietary 
assessment, but as an independent reference measure in addition to the dietary method.  
Further considerations and statistical issues related to the triangular method are 
discussed in Paper 3. 
5.2 FFQ controversy 
The applicability and accuracy of the FFQ method is controversial (38;108;113-115). 
Most researchers agree that an FFQ is appropriate for obtaining usual, long-term dietary 
information from literate persons when the objective is to rank subjects and evaluate 
associations between dietary habits and health outcomes. However, the strongest 
criticism has come from cancer researchers, where imprecision in the dietary estimates 
attenuate risk estimates and thereby reduce the power of the study (114;116;117). 
Scientists in basic and experimental nutrition can measure dietary exposure precisely, but 
the outcomes are less precise. In observational epidemiology the situation is turned 
around. The measurements of dietary exposure are rather crude, but the outcomes are 
specific, like disease or mortality. Thus, observational studies are important for issues 
that cannot be studied through experimental studies (38;40). In spite of the low precision 
in the FFQ estimates, FFQs have provided insight into population health and disease that 
later have been confirmed by other types of studies (38;108). Rather than examining 
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single or few nutrients in relation to disease, food intake and food pattern analyses have 
come forward as a better approach (118). Analyses of food groups can reveal diet-disease 
relationships that do not relate to any known chemical substance, while food patterns 
allow for studies of the cumulative effects of several nutrients, substances and foods 
(119-122).
Some of the criticism against FFQs related to low precision is probably less 
relevant to the MoBa questionnaire. We are only focusing on a relatively short time 
period, resulting in less recalling, estimation and abstraction for the participants. 
Furthermore, the MoBa questionnaire aims for good classification rather than precise 
numerical estimation of dietary intake.
Much of the disagreement regarding FFQs is related to the use of energy 
adjustment; that is whether the food frequency reports should be regarded as 
representation of dietary composition or as estimates of absolute intake (38;108). The 
strategy of adjusting for total energy intake depends on the assumption that all nutrients, 
and consequently foods, are misreported in approximately similar proportions. Studies of 
misreporting have shown that fat and/or carbohydrate intake tend to be underestimated 
more than protein intake (123;124). In the present validation study, density adjustment 
improved the correlation between FFQ and FD estimates for macronutrients, but not for 
micronutrients, fruit, vegetables or other major food groups. The main argument for 
using energy (or density) adjusted food and nutrient intakes is to study dietary 
composition rather than absolute intake (125).  
The FFQ method is relevant for many purposes, and is more or less suitable 
depending on the research questions and the characteristics of the target population. The 
approach is the most practical in large observational studies and for dietary surveillance 
in different population groups. Food-frequency questionnaires critically depend on the 
participants’ long-term knowledge of their own dietary patterns, and their willingness to 
report this, and are intended to measure average intakes. Another way to look at food-
frequency questionnaires is to acknowledge that they have less to do with memory for 
what was consumed than with subjective assumptions about the nature of the habitual 
diet. Food frequencies, much like food preferences or body image, appear to be a 
measure of attitude. As such, they may not be subject to absolute validation procedures 
(47).
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5.3 Quality of reported intakes 
Misreporting of dietary intake is seen with all dietary assessment methods (1;96;126) and 
has been described in various populations, including pregnant women (75;76). 
Evaluating the validity of reported EI provides a valuable check on the general quality of 
the dietary data in any study (94). The ratio of reported energy intake to estimated or 
measured resting energy expenditure (EI/REE=PALEI) can be applied to determine if the 
EI reported by an individual or a group is sufficient to sustain life. The derivation of cut-
offs based on EI/REE was published by Goldberg et al. and later modified by Goldberg 
and Black (127;128). The Goldberg cut-off values have mainly been used to identify low 
energy reporters and to identify characteristics of low energy reporters within population 
groups, but not to exclude poor data (95;96;124;129;130). For exclusion of biological 
improbable intakes, a lower limit of 2500 kJ/day and an upper limit of 15000 kJ/day 
(alternatively 500 and 3500 kcal) were applied in the Nurses’ Health study (131), the 
European Prospective Investigation into Cancer and Nutrition study (EPIC) (132) and in 
the Norwegian Women and Cancer Study (133) without further justification than 
biological plausibility. In his book, Nutritional Epidemiology (1), Walter Willett denotes 
this as “the arbitrary allowable range for women”. 
Assessment of total energy expenditure by motion sensor was included as an 
independent reference measure in the validation study in order to explore the possible 
misreporting of energy intake. In the study sample, the average motion sensor PAL 
(TEE/REE) was 1.55 (range 1.29 – 1.96), the average FFQ PALEI was 1.70 (range 0.70 -
2.70) and the average FD PALEI was 1.50 (range 0.90 - 2.10). The FFQ energy intake 
constituted 96% of the total energy expenditure (motion sensor) and the FD energy intake 
constituted 91% of the total energy expenditure. These results indicate that under-
reporting was more extensive with the FD than with the FFQ. No participants were 
excluded from the validation study on the basis of misreporting, as the aim was to 
examine the relative validity of the FFQ independent of the quality of the reports.
In an attempt to establish study-specific energy cut-off values, rather than the 
arbitrary cut-offs used by Willett and others, we examined energy intake and expenditure 
in the validation group (n = 112) and compared their energy intake with the larger 
pregnancy population (n = 40 786). The averages of energy consumption as estimated 
from motion sensor data, 10.02 ± 1.02 MJ/day, corresponded well with intake means 
calculated from food diaries (FD, 9.09 ± 1.35 MJ/day) and food frequency questionnaires 
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(FFQ, 9.61 ± 2.43 MJ/day) for the validation group. The range of the FFQ calculated 
intakes was 5.00 to 16.67 MJ/day, while the range of energy expenditures was 7.87 to 
12.88 MJ/day. The mean FFQ intake also corresponded well with the MoBa population 
mean (9.93 MJ/day) (n = 40786), while the standard deviation in the entire study 
population was somewhat higher (3.30 MJ/day). This indicates that the validation group 
did not fully mirror the variation in the whole population, but the validation group data 
may still be used for establishing cut-off points. Figure 2 shows the histogram of the FFQ 
intakes with a gamma curve fitted by maximum likelihood estimation. A 99.8% 
confidence interval (CI) from this curve is (4.52, 19.70) MJ/day, and when 4.5 and 20 
MJ/day are used as cut-off points for the population data, we exclude approximately 1 
percent at each end. The 99.8% CI from the validation group thus becomes a 98% CI for 
the population. In our study, a limit of 15 MJ would exclude 5.4% of all subjects, and our 
energy expenditure data indicate that an intake on this level is not improbable.  
It should be kept in mind that exclusion of subjects with improbable energy 
intakes will not correct for any misreporting or bias among the included subjects. As in 
other epidemiological studies, the exclusion of dietary reports based on relative 
misreporting is not going to be feasible in MoBa, and the energy adjusted intakes have to 
be considered when food composition is more appropriate than absolute intakes.  
Figure 4. The distribution of energy intakes (kJ/day) calculated from the FFQ, with 
gamma distribution fitted by maximum likelihood estimation. 
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Measurement error in dietary assessment and adjusting for measurement error is a 
difficult, complex and important issue in nutritional epidemiology (134;135). Different 
approaches for estimating the effect of measurement error have been investigated, and 
needs to be further investigated within the MoBa dietary data. However, further 
investigation of error structures and methods to adjust for these are beyond the scope of 
this thesis. 
5.4 Usefulness of the motion sensor assessment 
Wearing the motion sensor turned out to be the reference measure most difficult to 
comply with. Of the 119 participants in the validation study, 112 completed four days of 
motion sensor assessment. Three women discarded the motion sensor due to discomfort 
while wearing it, three women did not wear the motion sensor according to the 
instructions and one woman did not wear it because of fear of radiation on the fetus. The 
data obtained from the 112 who completed the assessment did, however, add valuable 
insight into the quality of energy intake reported by the FFQ and FD.
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6 Conclusions and future perspectives 
Validation is required before dietary data derived from a new instrument can be used in 
studies of dietary exposure and disease. Few studies have validated FFQs for assessment 
of dietary intake in pregnancy. In spite of limitations related to pregnancy and imperfect 
reference methods, the present study shows that the MoBa FFQ is a valid and useful tool 
for estimating habitual intake in order to rank individuals according to the level of 
nutrient and food intake. Intakes reported by the FFQ correlated significantly with 
intakes reported by a 4-day weighed food diary and with relevant biomarkers of intake. 
Furthermore, cross-classification of the FFQ intakes and reference measures showed that 
the FFQ is able to rank individuals according to high or low intake and, even more 
important, the degree of misclassification is small (Paper 2-5).  
The present study has demonstrated the utility of biological markers in the 
validation of dietary intake. For the first time, two independent biomarkers (urine 
flavonoids and plasma carotenoids) were combined in the validation of fruit, vegetable 
and tea intake. Since only a few previous studies have used urinary flavonoid excretion in 
the validation of a food frequency questionnaire, our results confirm the value of this 
biomarker. Furthermore, our results demonstrate the potential applicability of urinary 
iodine excretion as a biomarker in the validation of milk/dairy product intake in pregnant 
Norwegian women. Further studies aiming at establishing urinary iodine excretion as a 
biomarker of milk/dairy products are warranted. There is a widespread use of dietary 
supplements during pregnancy in many countries. We have showed that self-reported 
dietary supplement use in pregnant Norwegian women was confirmed by relevant 
biomarkers in urine and plasma. To our knowledge, this is the first time dietary 
supplement use has been validated in pregnant women.  
The process of validating the new MoBa FFQ has been challenging and time-
consuming, but is an absolute condition for future use of the dietary data. The work 
presented in this thesis is the foundation for further dietary research in MoBa. At present, 
the nutritional data in the Norwegian Mother and Child Cohort study is among the largest 
epidemiological databases worldwide containing extensive information on maternal 
dietary exposure. In the future, these data will be used in numerous studies examining the 
impact of dietary factors on maternal and child health.  
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